The measures of most-probable-number and restriction fragment length polymorphism analysis were used to analyze the abundance and diversity of ammonia-oxidizing bacteria in sediment of a Chinese shallow eutrophic urban lake (Lake Yuehu). Among the 5 sampling sites, ammonia concentration in interstitial 
counting in lake sediments. (20) . However, few data were available about the AOB composition in lake sediments with different ammonia status.
In this study, MPN technique was used to enumerate AOB and restriction fragment length polymorphism analysis (RFLP) based on amoA gene was used to identify its population structure at five sampling sites in sediments of a Chinese shallow eutrophic urban lake (Lake Yuehu). Additionally, the ammonium concentrations in interstitial water and the contents of organic matter (OM) in sediments were also detected. The aims of this study are (1) to determine the abundance and diversity of AOB in the eutrophic shallow lakes, and (2) to extend our understanding of AOB species occurred in sediments of freshwater lake with different ammonium status. (Fig. 1) .
MATERIALS AND METHODS

Study lakes and sampling sites
Measurement of chemical parameters in interstitial water and sediment
Interstitial water was obtained from sediment by centrifugation at 4000 rpm for 20 min, and then filtered through 0.45 m polycarbonate filter membranes. Ammonium concentration was determined by the indophenol-blue method with spectrophotometry (46) . Sediments at each sampling site were oven-dried at 80 °C for 2 days and ignited in a muffle furnace at 550 °C for 3 h to determine the values of loss on ignition (LOI) (16) . Sediment pH values were determined using PHS-3C numerical pH meters using a sediment-to-water ratio of 1:5 after shaking for 1 h.
MPN enumeration
MPN enumeration was performed according to 
Phylogenetic analysis
The sequences were aligned using ClustalX program.
Phylogenetic analysis of representative sequences including three outgroups was performed to reconstruct bifurcating trees using neighbor-joining (NJ) and maximum-parsimony (MP) approaches using PAUP* 4.0b10 (40) . For MP analysis, heuristic searches were performed using tree bisectionreconnection (TBR) branch-swapping and 10 random sequence addition replicates. All sites were equally weighted and gaps were treated as missing characters. Support for recovered clades was measured using a non-parametric bootstrap analysis (13) 
Nucleotide sequence accession numbers
The sequences determined in this study have been deposited in the GenBank database under accession numbers:
FJ498909-FJ498961.
RESULTS
Distributions of chemical parameters in interstitial water and sediment
As shown in Table 1 , among all the sampling sites, the NH 4 + concentration in interstitial water and the sediment LOI were the lowest at Site Y3 and the highest at SiteY5. These two variables were significantly related with each other (P<0.01;
r=0.989). Moreover, pH values in sediments were similar.
AOB abundance in sediment
At all sampling sites, the MPN numbers of AOB were at a magnitude of 10 5 cells g -1 dry weight ( 
AOB diversity in sediment
The RFLP analysis for the sediment at all sampling sites gave 13 different restriction patterns (A-M) for total 500 amoA clones. The former 4 patterns (A-D) were shared by the five sites (Fig. 2) . The 8 patterns including 4 unique ones were found at Site Y5, the 6 patterns including 2 unique ones were found at Site Y1, Site Y2 and Site Y4 respectively, while only common patterns without unique ones were found at Site Y3 (Table 2) . Thus, the diversity of amoA gene was greatest at Site Y5. Restriction group A was the major component for all sites, accounting for 81% -89% of 100 clones in each library ( Table   2 ).
As shown in Fig. 3 (Fig. 4) . 
Ammonia-oxidizing bacteria in Chinese lake 
DISCUSSION
The spatial heterogeneity in NH 4 + concentrations was found in interstitial water of Lake Yuehu, which was causatively linked to the sediment OM as evidenced by the significantly positive relation between the two variables ( Table   1 ). In fact, potential N mineralization was positively correlated with the OM content (45) . What is more, the most important impact of high concentration of OM is its contribution of additional oxygen demand (8) leading to the anaerobic condition in sediment, under which the rate of NH 4 + releasing in the interface between water and sediment was 2-8 times higher than that at aerobic condition (12).
The AOB numbers were significantly proportional to the to support its growth, so the small numbers (2 amoA sequences) of total 500 clones were affiliated with this lineage, which is assumed to be derived from effluent discharge.
The N. communis lineage comprises the N. communis sublineage and N. nitrosa sublineage. The former prefers agricultural soils, while the latter is commonly distributed in more or less eutrophicated freshwater (20) . From the phylogenetic tree, 3 clones (S1, F59, T58) in Lake Yuehu The clones of the Nitrosospira lineage represented only 8%-13% of the total analyzed clones, probably due to the conditions in Lake Yuehu unsuitable for growth of these species that prefer terrestrial habitats (20) .
Conclusively, this study revealed the abundance and diversity of sediment AOB and their significant relationships with ammonium status in a Chinese shallow eutrophic lake.
